We describe a case of lumbar stenosis in which retrospective spectral analysis using dual-layer spectral detector computed tomography (CT) had the ability to expand the evaluable region in the spinal canal. Spinal canal stenosis is a common condition whose symptoms (such as lower back and leg pain with walking) deteriorate the quality of life. Generally, magnetic resonance imaging (MRI) and CT myelography are performed to diagnose canal stenosis. Dual-layer spectral detector CT can yield virtual monochromatic imaging and retrospective on-demand spectral analysis without a prescan setting. Spectral analysis could expand the evaluable region in the spinal canal for increasing the contrast enhancement in the canal.
Introduction
Lumbar canal stenosis leads to compression of the thecal sac and may also involve the nerve roots because of narrowing of the intervertebral foramina. Computed tomography (CT) enhanced by myelographic contrast and magnetic resonance imaging (MRI) are well-known diagnostic tools for lumbar canal stenosis [1, 2] .
In recent years, MRI has become the "gold standard" in the diagnosis of lumbar spinal stenosis because of its potential in visualizing radiolucent soft tissues and the absence of radiation exposure. However, MRI may not be useful for the evaluation of postoperative lumbar canal stenosis due to susceptibility artifact. In addition, MRI may be contraindicated in patients with pacemakers [3] . CT myelography is useful in these instances.
Recently, dual-energy CT has become clinically available [4, 5] . By means of the high-and low-energy X-ray spectra, dual-energy CT acquisition facilitates a greater degree of material characterization than the conventional single-energy acquisition. A previous report suggested the usefulness of dual-energy CT to improve image quality when assessing bone marrow edema because of the synthesizing virtual monochromatic images [6] . Virtual monochromatic images are particularly useful for evaluation of the di erences in contrast enhancement between the spine and spinal canal. In CT myelography, the spinal cord is evaluated using an intrathecal contrast agent. However, the image quality in cervical and upper thoracic CT myelography is suboptimal in some cases [7] . Previous report suggested the usefulness of low-keV virtual monochromatic images for increasing the contrast enhancement for vascular and hepatic parenchyma [8] ; therefore, dual-energy CT might increase the contrast enhancement in the canal. A previous report suggested the usefulness of dual-energy CT for the reduction of artifact and radiation dose [9] in CT myelography. However, it did not evaluate the utility of dual-energy CT in increasing the contrast enhancement of the spinal canal in CT myelography.
Recently, the rst commercially available dual-layer spectral detector CT (IQon Spectral CT; Philips Healthcare, Best, Netherlands) has been introduced for clinical use.
e scanner has a single X-ray source and two layers of detectors. Two layers collected the low-energy data and the high-energy data. is scanner enables us to acquire the lowand high-energy data simultaneously.
Here, we describe a case of lumbar canal stenosis in which retrospective on-demand spectral analysis using dual-layer spectral detector CT allowed a better evaluation of the thoracic and lumbar canal compared with conventional CT.
Case Report
A 73-year-old Asian male complained of bilateral buttock pain radiating into his thighs and calves. He could not walk for more than 10 min or 2-3 blocks due to pain. Initial patient consultation was made by the orthopedic department in our hospital. Laboratory data were unremarkable.
On physical examination, he was bilaterally positive for Lasègue's sign. MRI in our hospital showed multiple compression fractures (T10, T12, and L1) and spinal stenosis (L1-L2). e patient underwent CT myelography for a preoperative evaluation.
e CT myelogram was performed following lumbar puncture at the L2-L3 level under uoroscopy in the prone position and injection of 15 mL Omnipaque ® 300 (iohexol) contrast. CT myelography was performed using a dual-layer spectral detector CT with a routine scan protocol.
e scanning was started 10 min after contrast material injection. e scan parameters were as follows: detector conguration, 64 × 0.625 mm; gantry rotation time, 0.75 s; helical pitch (beam pitch), 0.578; tube voltage, 120 kVp; tube current time product, 162 mAs (e ective mAs) with automodulation; and volume CT dose index, 13.9 mGy. is CT scan led to the diagnosis of lumbar canal stenosis.
e CT myelogram also showed compression fractures of L2 and L3 with associated lumbar canal stenosis (Figure 1 ). Furthermore, we performed retrospectively spectral analysis using the workstation (Spectral Diagnostic Suite; Philips Healthcare, Best, Netherlands). e contrast attenuation in the spinal canal at 40 and 55 keV is better compared with that of the conventional images ( Figure 1) .
Additionally, we performed quantitative image analysis on the conventional CT image and spectral image data. We measured the mean attenuation of the spinal canal CT attenuation at the level of T6 using a circular region of interest (ROI canal ). is ROI canal was expected not to be so large that it included epidural fat or bone and spine. In addition, we also measured the CT attenuation of the spinal cord using a circular region of interest (ROI spinal ) at the same level. Similarly, the ROI spinal was expected not to be so large that it included the spinal canal. e reason why we selected the level of T6 was that the contrast of the spinal canal might be the lowest in the conventional images. In addition, we de ned the standard deviation of attenuation at the iliopsoas muscle as the imaging noise. We measured the imaging noise at three sequential slices and averaged the results to minimize bias from single measurements. We also measured the contrast and the contrast-to-noise ratio (CNR) between the spinal cord and spinal canal. We dened the contrast as follows: ROI canal − ROI spinal . e CNR was calculated as follows: (ROI canal − ROI spinal )/image noise. We use a copy-and-paste function at the workstation to keep all measurements constant among the three kinds of images.
e results are shown in Table 1 . e ROI canal and CNR of virtual monochromatic images at 40 and 55 keV were signi cantly higher than those of the conventional CT images. In addition, the image noise of virtual monochromatic images at 40 and 55 keV was signi cantly lower than that of the conventional CT images. e conventional and virtual monochromatic images are shown in Figure 1 .
We made a diagnosis of lumber stenosis at L1-L2, associated with clinical symptoms, and surgical treatment was proposed. e patient underwent laminectomy of L1-L2. He was discharged with symptomatic improvement after the operation.
Discussion
CT myelography is used to evaluate the spinal canal, spinal cord, spinal nerve roots, vertebrae, and discs when MRI is contraindicated. e amount of the contrast agent collecting in the upper thoracic and cervical thecal sacs may be less than that in the lumbar region. erefore, conventional CT myelography can be suboptimal for the upper thoracic canal and cervical canal. We suggest the clinical usefulness of spectral analysis using the dual-layer spectral detector CT in improving the image quality in the upper thoracic and cervical canals. Previous report suggested that lower energy level (approaching the K-edge of iodine) increases the attenuation of iodine because of the predominance of the photoelectric e ect [10] .
erefore, the iodine-containing spinal canal becomes hyperattenuated at lower energy levels on virtual monochromatic imaging [10] . Hence, in CT myelography, we might evaluate the upper thoracic canal and cervical canal more accurately using virtual monochromatic imaging compared with conventional CT.
In this case, the contrast between the spinal cord and spinal cavity in the thoracic canal was signi cantly greater on virtual monochromatic 40 keV and 55 keV images than that on conventional 120 kVp images (548.4 and 284.1 HU versus 192.0 HU). In addition, there was no signi cant di erence in the image noise between virtual monochromatic 40 keV and 55 keV images and conventional 120 kVp images (28.8 and 23.9 HU versus 32.4 HU).
e CNR of virtual monochromatic 40 keV and 55 keV images was signi cantly higher compared with that of conventional 120 kVp images (19.0 and 11.9 versus 4.9). Previous reports have suggested the usefulness of dual-layer spectral detector CT in reduction of beam-hardening artifact and improving the image quality of the coronary artery and abdominal CT scans [11] [12] [13] . However, to our knowledge, there have been no previous reports about the usefulness of dual-layer spectral detector CT in increasing the attenuation of the spinal canal in CT myelography.
ere are two dual-energy CT systems in clinical use. e rst method uses two orthogonal X-ray tubes set at di erent kVp levels with two separate detectors. e second method uses rapid kVp switching from a single X-ray source and a detector composed of two scintillation layers (the fast kVp Case Reports in Orthopedics 3 switching method). e image of conventional dual energy CT technique cannot evaluate retrospectively adjusting energy level; therefore, it might be di cult in clinical use. However, the introduction of dual-layer spectral detector CT enables us to generate prospective and retrospective spectral images in all scans. erefore, in case the contrast agent dose in the spinal canal during CT myelography is too low, retrospective spectral data analysis can increase the attenuation of the contrast agent in the spinal canal and might increase the diagnostic performance of the study. e introduction of dual-layer spectral detector CT for CT myelography yields some clinical utility. First, lower energy levels on virtual monochromatic imaging can increase the CT attenuation of iodine in the spinal canal and might reduce the required contrast agent dose and concentration for CT myelography. e CT attenuation of the canal of 40 kVp image was 2.7 times higher compared with that of the conventional CT image (630.8 HU versus 230.4 HU). We supposed that CT attenuation of spinal canal is directly proportional to contrast agent dose. e contrast agent dose of dual-layer CT might be represented by the following formula: contrast agent dose (dual-layer CT) � contrast agent dose (conventional CT) × (230.4/630.8). erefore, we might be able to reduce about 60% of the contrast agent while preserving the CT attenuation of the canal using the dual-layer spectral computed tomography compared with the compared conventional CT. Moreover, the reduction of contrast agent concentration might enable us to use a smaller gauge needle to inject the contrast agent. e smaller gauge needle might decrease technical complications such as dural tear, nerve root damage, CSF leak, and hemorrhage.
Conclusion
In conclusion, this case study suggested that dual-layer spectral detector CT increased the attenuation of the spinal canal in CT myelography and improved the image quality compared with conventional CT.
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